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Summary
Introduction:  It  is  a  well-known  fact  that  slipped  capital  femoral  epiphysis  (SCFE)  is  one  of  the
causes of  premature  hip  osteoarthritis  and  anterior  femoroacetabular  impingement.  But  there
are no  reliable,  published  diagnostic  methods  to  measure  the  residual  deformity  of  slipped  cap-
ital femoral  epiphysis.  We  propose  using  the  lateral  view  head-neck  index  (LVHNI)  measurement
on a  speciﬁc  lateral  X-ray  view  of  the  hip  for  this  purpose.
Hypothesis:  The  LVHNI  can  detect  and  quantify  the  posterior  translation  of  the  femoral  head
and this  index  can  be  measured  reliably.
Materials  and  methods:  A  prospective  radiography  study  was  performed  by  three  observers.
The hip  X-rays  of  patients  who  were  being  treated  by  arthroplasty  for  hip  osteoarthritis  (total
hip replacement  or  hip  resurfacing)  between  January  2010  and  December  2011  were  analyzed.
The LVHNI,  which  quantiﬁes  the  posterior  translation  of  the  femoral  head,  was  measured  on  a
lateral view  of  the  hip  in  45◦ ﬂexion/45◦ abduction/30◦ external  rotation.  The  presence  of  a
pistol grip  deformity  on  A/P  X-rays  was  also  assessed.
Results:  The  analysis  was  performed  on  131  hips  in  120  patients  having  an  average  age  of
61 years  (range  37—91).  The  chosen  LVHNI  threshold  of  9%  resulted  in  a  sensitivity  of  89.1%  (95%
CI: 78.8%—95.5%)  and  a  speciﬁcity  of  82.4%  (95%  CI:  71.2%—89.7%)  for  detecting  the  presence  of
a pistol  grip  deformity.  Twenty  percent  of  the  hips  with  no  visible  deformity  on  A/P  X-rays  had
a pathological  index  value.  The  inter-observer  reproducibility  was  good  for  the  LHNI  [intraclass
correlation  coefﬁcient  (ICC):  0.61;  95%  CI:  0.51—0.71]  and  for  detecting  a  pistol  grip  deformity
(ICC: 0.74;  95%  CI:  0.62—0.85).  The  intra-observer  reproducibility  was  excellent  for  the  LHNI
(ICC: 0.78;  95%  CI:  0.57—0.88)  and  the  pistol  grip  deformity  (ICC:  0.85;  95%  CI:  0.74—0.92).
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Conclusion:  The  LVHNI  is  a  reliable  and  reproducible  tool  to  identify  deformities  secondary  to
SCFE on  speciﬁc  lateral  femoral  neck  X-rays.  If  the  index  value  is  greater  than  9%,  SCFE  sequelae
may be  present.  In  addition,  this  study  showed  that  20%  of  hips  with  normal  A/P  X-rays  had  a
pathological  index.
Level  of  evidence:  Level  IV,  prospective  diagnostic  study  without  control  group.
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by  the  diameter  of  the  femoral  head  (D ) in  centimeters.  This
ratio  was  expressed  as  a  percentage  to  prevent  inevitable
centimeter-level  measurement  errors  that  occur  because
of  inter-individual  magniﬁcation  differences  related  to  a
patient’s  size.
LVHNI  =  d/D′ ×  100© 2013  Elsevier  Masson  SAS
ntroduction
lipped  capital  femoral  epiphysis  (SCFE)  is  usually  diagnosed
n  adolescents  based  on  intense  or  persistent  pain  in  the  hip
oint  [1].  Many  have  suggested  that  minor  forms  of  subclini-
al  SCFE  exist  that  go  undetected  during  childhood.  These
ay  be  responsible  for  certain  primary  hip  osteoarthritis
ases  because  of  the  resulting  cam-effect  [2,3].  Studies  that
ave  sought  to  conﬁrm  this  hypothesis  by  performing  mea-
urements  on  A/P  X-rays  have  had  debatable  reproducibility
4].  Although  the  femoral  head  slips  downwards  relative  to
he  neck  axis,  it  mainly  moves  backwards.  It  seems  logical  to
nalyze  this  pathology  using  a  lateral  hip  view,  as  described
n  children  (Lauenstein  view)  [5].
The  purpose  of  this  study  was  to  determine  the  repro-
ucibility  and  threshold  value  for  the  lateral  view  head-neck
ndex  (LVHNI).  This  index  quantiﬁes  the  posterior  transla-
ion  of  the  femoral  head  center  relative  to  the  femoral
eck  axis  on  a  speciﬁc  lateral  hip  view  (hip  in  45◦
exion/45◦ abduction/30◦ external  rotation)  [6].  This  index
as  measured  on  X-rays  of  patients  having  advanced  hip
steoarthritis  that  required  hip  arthroplasty.  Our  working
ypothesis  was  that  the  LVHNI  could  be  measured  reliably
nd  can  detect  and  quantify  posterior  translation  of  the
emoral  head.
aterial and methods
atients
his  was  a  prospective,  continuous,  single-center  study
here  the  X-rays  of  patients  receiving  hip  arthroplasty
total  hip  replacement  or  hip  resurfacing)  for  osteoarthritis
etween  January  2010  and  December  2011  were  analyzed.
his  study  consisted  of  performing  of  hip  measurements  on
/P  and  lateral  views  of  each  patient’s  hip.  Three  varia-
les  were  deﬁned  on  the  X-rays:  presence  of  a  pistol  grip
eformity  [7]  on  the  A/P  view,  osteoarthritis  stage  accord-
ng  to  the  Tonnis  classiﬁcation  [8]  and  LVHNI  measurement
n  the  lateral  view.  In  all,  157  hips  were  analyzed  during  this
eriod.  All  patients  received  a  standard  X-ray  assessment  at
he  same  radiology  center  on  the  eve  of  the  surgical  pro-
edure.  This  consisted  of  a  weight-bearing  A/P  view  of  the
elvis  and  a  special  lateral  frog-leg  view  with  the  patient
upine  and  the  hip  in  45◦ ﬂexion,  45◦ abduction  and  30◦
xternal  rotation.  This  experimentally  [6]  and  clinically  [9]
alidated  frog-leg  view,  shows  the  anterior  and  posterior
argins  of  the  femoral  neck  and  allows  the  true  neck  axis  to
e  accurately  determined,  along  with  its  position  relative  to
he  femoral  head  center  (Fig.  1).  The  X-ray  tube  was  placed
20  cm  from  the  patient,  and  the  A/P  direction  of  the  beam
as  centered  over  the  pubic  symphysis.
F
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Patients  were  excluded  if  they  had  documented  previous
urgery  or  hip-femur  pathology,  very  advanced  osteoarthri-
is  that  does  not  allow  the  lateral  X-ray  to  be  performed
ecause  of  signiﬁcant  hip  stiffness,  or  a  femoral  head  defor-
ity  that  would  interfere  with  precise  analysis  of  the  head
enter.  The  quality  of  the  X-ray  was  ensured  by  evaluating
he  following  criteria:  obvious  symmetry  of  the  obturator
oles  and  ilium  wings  [10], and  also  objective  criteria  to
nsure  that  pelvic  rotation  (end  of  coccyx  and  symphysis
ubis  aligned  within  1  cm)  and  pelvic  version  (end  of  coc-
yx  and  symphysis  pubis  within  1—3  cm  of  each  other)  were
eutral  [11]. The  desired  15◦ of  femur  internal  rotation
as  achieved  when  the  base  of  the  lesser  trochanter  was
ot  visible  and  was  obscured  by  the  medial  cortex  of  the
emoral  diaphysis  [12].  These  criteria  were  assessed  care-
ully  because  even  a  slight  rotational  change  could  result
n  signiﬁcant  measurement  differences  [13].  When  these
riteria  were  applied  to  the  157  hips  operated  for  hip
steoarthritis  over  the  study  period,  only  131  were  retained
or  the  analysis  (26  excluded  or  16.6%).
ethods
he  LVHNI  was  analyzed  on  a  lateral  view  of  the  hip  (Fig.  2).
t  was  deﬁned  as  the  ratio  between  the  smallest  distance
d)  separating  the  true  femoral  neck  axis  from  the  femoral
ead  center  (corresponding  to  the  perpendicular  line  from
he  true  neck  axis  passing  through  the  head  center)  divided
′igure  1  Frog-leg  45◦/45◦/30◦ view  that  provides  good  visu-
lization  of  the  anterior  and  posterior  margins  of  the  femoral
eck.
Lateral  head-neck  index  and  the  diagnosis  of  SCFE  sequelae  
Figure  2  Placement  of  the  points  used  to  calculate  the  lateral
view head-neck  index.  a:  four  points  are  placed  on  either  side
of the  femoral  neck  axis  forming  two  segments.  The  line  joining
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The  true  femoral  neck  axis  was  determined  by  placing
wo  points  on  the  anterior  margin  of  the  neck  and  two  points
n  its  posterior  margin,  with  the  points  being  as  far  apart  as
ossible  proximally  and  distally.  The  distal  points  had  to  be
ear  the  base  of  the  femoral  neck  and  the  proximal  points
ear  the  head-neck  junction  without  including  any  anterior
steophytes.  The  axis  corresponded  to  the  line  joining  the
iddle  of  the  two  segments  (proximal  and  distal)  described
bove.  The  extension  of  the  lesser  trochanter  must  not
e  included  when  these  points  are  positioned  because  this
ould  [artiﬁcially]  increase  the  index.  The  femoral  head
enter  was  deﬁned  as  the  middle  of  three  points  (P1,  P2,
3)  placed  on  its  periphery,  which  corresponds  to  a digitized
ersion  of  the  ‘‘Mose  template’’  [14].  To  avoid  measurement
ias,  the  points  were  placed  in  areas  where  the  femoral  head
as  free  of  osteophytes  and  not  visibly  deformed.  These
even  points  were  used  to  deﬁne  the  lateral  view  head-
eck  index  (Fig.  2).  When  a  pistol  grip  deformity  is  seen
n  A/P  pelvis  X-rays,  it  is  thought  to  be  the  visible  sequelae
f  slipped  femoral  epiphysis  [7].  This  appears  as  the  supe-
ior  margin  of  the  head-neck  junction  being  convex  and  the
nferior  head-neck  junction  being  more  concave  (Fig.  3).  We
elieve  that  the  presence  of  this  deformity  on  A/P  views  is
 sign  of  signiﬁcant  displacement  on  a  lateral  view  (by  anal-
gy  with  SCFE  in  adolescents  where  the  displacement  is  less
ronounced  on  A/P  views  than  lateral  views).  As  a  conse-
uence,  a  certain  number  of  SCFE  will  only  be  visible  on  a
ateral  view.
Each  patient’s  hip  X-rays  were  imported  into  the  PictinTM
maging  module  of  the  OrthoWaveTM software  (Aria  Sarl,
oudain,  France).  Automated  digital  measurements  of  the
ip  were  performed  based  on  the  placement  of  various  pre-
eﬁned  points.  The  points  needed  to  measure  the  LVHNI
ere  integrated  into  this  software  by  the  developers.
he  measurements  were  performed  by  three  independent
bservers  (J.M.,  A.E.,  X.B-I.)  using  the  same  image  acquisi-
ion  software.  The  views  were  not  initially  paired  (lateral,
/P)  so  as  to  not  affect  the  measurements.  Preoperative
ersonal  data  [age,  gender,  body  mass  index  (BMI),  history]
ere  stored  in  each  patient’s  ﬁle.
tatistical  methods
tatistical  tests  were  performed  with  two  software  pro-
rams  (Excel  2007,  Microsoft,  Redmond,  USA;  MedCalcTM
ersion  11.6.1.0,  MedCalc  Software,  Mariakerke,  Belgium).
he  average,  minimum  and  maximum  values  and  95%  conﬁ-
ence  intervals  (95%  CI)  were  calculated  for  each  variable.The  Student’s  t-test  was  used  to  compare  the  averages
f  quantitative  variables  (age,  LVHNI)  between  independent
roups  when  the  sample  size  was  large  enough  (n  >  30)  and
he  assumptions  of  normality  (D’Agostino-Pearson  test)  and
he  middle  of  these  two  segments  represents  the  true  femoral
eck axis;  b:  P1,  P2  and  P3  are  placed  around  the  femoral  head
erimeter  to  determine  the  head  center  (c);  c:  d  is  deﬁned
s the  distance  in  centimeters  between  the  femoral  head  cen-
er and  a  line  perpendicular  to  the  true  neck  axis  that  passes
hrough  the  head  center.  D′ is  the  diameter  in  centimeters  of
he femoral  head.  (LVHNI  =  d/D′ ×  100).
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Table  1  Sensitivity  and  speciﬁcity  of  index  to  reveal  a  pistol  grip  deformity  as  function  of  its  threshold.  A  9%  threshold  maintains
enough sensitivity  to  detect  a  deformity  on  A/P  X-rays  and  also  to  detect  deformities  on  lateral  views  that  are  not  visible  on  A/P
views of  the  pelvis  (speciﬁcity  of  82.4%).
Threshold  (%)  Sensitivity  (%)  Speciﬁcity  (%)  Correct  classiﬁcation  (%)  Youden  index  (%)
8  90.6  66.2  78.0  56.8
9 89.1  82.4  85.6  71.4
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qual  variances  (F-test)  were  met.  The  Mann-Whitney  U  test
as  used  with  osteoarthritis  stage  ordinal  data  because  it
as  not  normally  distributed.  The  inter-  and  intra-observer
eproducibility  were  determined  with  the  intraclass  corre-
ation  coefﬁcient  and  interpreted  using  the  Fleiss  rules  [15].
he  correlation  was  considered  excellent  if  the  coefﬁcient
as  between  80%  and  100%,  good  if  between  60%  and  80%,
nd  moderate  to  poor  when  lower.  A  P-value  of  0.05  or  less
as  considered  as  statistically  signiﬁcant.
esults
he  analysis  included  131  hips  (120  patients);  the  average
ge  was  61  years  (range  37—91);  the  average  osteoarthri-
is  stage  was  2.5  according  to  the  Tönnis  classiﬁcation.  The
verage  LVHNI  was  10%.  The  inter-observer  reproducibility
as  good  for  the  LVHNI  [intraclass  correlation  coefﬁcient
ICC)  =  0.61;  95%  CI  =  0.51—0.71]  and  for  detecting  a  pis-
ol  grip  deformity  (ICC  =  0.74;  95%  CI  =  0.62—0.85).  The
ntra-observer  reproducibility  was  excellent  for  the  LVHNI
ICC  =  0.78;  95%  CI  =  0.57—0.88)  and  the  pistol  grip  defor-
ity  (ICC  =  0.85;  95%  CI  =  0.74—0.92).  The  area  under  the
OC  curve  was  0.91  (95%  CI:  0.86—0.96)  (Fig.  4).  By  corre-
ating  the  presence  of  a  pistol  grip  deformity  on  the  A/P
iew  with  the  lateral  view  head-neck  index,  we  determined
hat  a  LVHNI  value  of  10%  resulted  in  achieving  a  maximum
ensitivity  of  89.1%  (95%  CI:  78.8%—95.5%)  and  speciﬁcity  of
9.7%  (95%  CI:  79.9%—95.8%)  to  detect  a  pistol  grip  defor-
ity,  along  with  a  Youden  index  of  78.7%  (Table  1).  A  lower
igure  3  A/P  X-rays  of  the  pelvis  showing  a  bilateral  pistol
rip deformity  of  the  proximal  femur.
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gigure  4  ROC  curve.  The  inﬂection  point  of  the  curve  deﬁnes
 10%  threshold  value.  A  reduction  in  this  threshold  leads  to
igher  sensitivity  and  lower  speciﬁcity;  the  inverse  is  also  true.
alue  (9%)  led  to  the  detection  of  slipped  femoral  epiphysis
hat  was  visible  only  on  the  lateral  view.  This  9%  threshold
educed  the  speciﬁcity  to  82.4%  (95%  CI:  71.2%—89.7%)  but
ad  the  same  sensitivity  for  detecting  a  pistol  grip  deformity.
linically,  this  translates  to  a  greater  number  of  patients
ithout  abnormal  ﬁndings  on  the  A/P  X-rays  having  a  patho-
ogical  index  value  (greater  number  of  false  negatives).  Most
f  the  patients  (56/69  hips)  having  a LVHNI  above  9%  also  had
 pistol  grip  deformity  on  A/P  X-rays,  unlike  those  having  an
ndex  below  9%  (7/68  hips).  With  a  9%  threshold  value,  13
f  the  68  hips  (20%)  without  a  pistol  grip  deformity  on  A/P
-rays  had  a  pathological  index;  10%  of  hips  with  a  pistol  grip
eformity  had  a non-pathological  index  value  (Table  2).
There  were  69  patients  in  the  pathological  LVHNI
roup  >  9%  and  62  in  the  LVHNI  group  <  9%.  These  two  group
Table  2  Number  of  patients  in  each  group  as  a  function  of
the index  value  and  the  presence  of  a  pistol  grip  deformity
(on A/P  X-rays).  This  table  shows  that  20%  of  patients  with-
out a  deformity  on  A/P  X-rays  actually  have  greater  than  9%
posterior  translation  and  that  90%  of  patient  with  a  pistol
grip deformity  have  a  pathological  index.
PG  +  PG  −
63  hips  68  hips
LVHNI  <  9%  7  cases  (11%)  55  cases  (80%)
LVHNI  >  9%  56  cases  (89%)  13  cases  (20%)
PG: pistol grip; LVHNI: lateral view head-neck index.
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Table  3  Number  of  patients  in  each  group  as  a  function  of  LVHNI  value.  The  group  with  a  lateral  view  head-neck  index  above
9% mostly  consisted  of  men  and  developed  osteoarthritis  at  a  younger  age  than  the  group  with  a  LVHNI  below  9%.
LVHNI  >  9%  group  69  cases  LVHNI  <  9%  group  62  cases  P-value
Age  57.5  years  (37—78)  65.2  years  (44—91)  0.0040
OA stage  2.4  2.6  0.0850
Average LVHNI  14.7%  (9%—24%)  5.5%  (0%—8%)  <  0.0001
Sex-ratio (M:F)  7.3:1  1.13:1  <  0.0001
Oa: osteoarthritis; LVHNI: lateral view head-neck index; M: male; F: fe
Figure  5  Scatter  plot  showing  the  number  of  patients  (X-axis)
as a  function  of  the  lateral  view  head-neck  index  (Y-axis).  The
9% threshold  value  is  shown  in  yellow.  The  circles  correspond  to
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ipistol grip  positive  patients  (PG+)  and  the  diamonds  correspond
to the  pistol  grip  negative  patients  (PG−).
sizes  were  comparable  in  terms  of  the  osteoarthritis  stage,
but  not  in  terms  of  gender.  The  male  to  female  sex  ratio  was
7.3:1  in  the  LVHNI  >  9%  group  and  1.13:1  in  the  other  group.
Also,  the  average  age  of  patients  in  the  pathological  LVHNI
group  was  about  eight  years  less  than  in  the  non-pathological
group  (Table  3).  There  was  also  a  trend  towards  femoral  head
retroversion  in  comparison  to  the  neck  of  all  the  analyzed
hips.  Only  three  hips  had  an  index  value  of  0  and  none  had
a  negative  index  value  (Fig.  5).
Discussion
Our  initial  hypothesis  was  conﬁrmed.  The  LVHNI  can  be  used
to  determine  and  quantify  the  posterior  translation  of  the
femoral  head  center  relative  to  the  femoral  neck  axis,  with
good  intra-  and  inter-observer  reproducibility.  The  index
value  was  considered  pathological  if  the  posterior  transla-
tion  of  the  femoral  head  was  greater  than  9%.  Patients  with
a  pathological  index  value  were  mostly  male  and  younger
than  patients  having  a  LVHNI  within  normal  limits  (below
9%).  This  is  a  reliable  diagnostic  method  to  measure  the
deformity  sequelae  of  slipped  femoral  epiphysis  in  adults
with  osteoarthritis  (Figs.  6  and  7).  The  LVHNI  could  also
be  measure  on  other  standard  lateral  views  of  the  femoral
neck  (Dunn,  cross-table,  etc.)  or  on  CT  scan  slices  or  MRI
o
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n  the  anteroposterior  plane  of  the  neck  axis,  which  would
e  performed  upon  request  or  reconstructed  with  imaging
oftware  [16].
Our  study  has  numerous  limitations,  the  ﬁrst  being  that
 pistol  grip  deformity  was  used  as  evidence  for  SCFE
equelae.  Although  recognized  as  being  the  visible  seque-
ae  of  SCFE  [17,18], its  etiology  is  currently  debated,  since
ome  reports  have  suggest  that  it  could  be  the  result
f  femoroacetabular  impingement  [19]  or  osteoarthritis-
elated  degeneration  [20—22]. Stulberg  et  al.  believed  that
his  deformity  was  the  sequelae  of  pathology  acquired  dur-
ng  childhood,  either  Legg-Perthes-Calve  disease  or  SCFE
7]. Although  the  analysis  of  this  deformity  is  subjective
nd  observer-dependent,  its  reproducibility  is  good  [23]
nd  there  is  a proven  relationship  between  a  pistol  grip
eformity  and  hip  osteoarthritis  [23,24].  This  was  the  most
ertinent  criterion  and  its  use,  by  analogy  in  pediatrics,  was
ased  on  the  idea  that  SCFE  viewed  on  A/P  X-rays  is  also
isplaced  on  the  lateral  view,  while  a  displacement  visible
n  the  lateral  view  might  not  be  associated  with  a  pistol
rip  deformity  on  A/P  view  (20%  of  cases  in  this  study).
hus,  we  used  this  reference  to  set  a  high  threshold  value
nd  to  assume  that  an  index  value  above  9%  was  a  sign  of
CFE  sequelae,  so  as  to  minimize  the  bias  relative  to  this
eference.  A  second  limitation  involves  the  precision  of  the
easurement  methods  used  in  this  study  to  deﬁne  the  true
emoral  neck  axis  and  femoral  head  center.  Since  the  shape
f  the  femoral  neck  resembles  an  ovoid  cylinder,  the  true
eck  axis  should  be  analyzed  in  a  three-dimensional  radio-
raphic  study.  But  the  fact  that  we  precisely  and  strictly
tandardized  the  lateral  view  position  (45◦/45◦/30◦)  allows
s  to  think  in  two  dimensions  and  assume  that  the  neck  has
 rectangular  shape,  which  greatly  reduces  the  measure-
ent  bias.  In  addition,  our  current  clinical  practice  does
ot  include  a  preoperative  CT  scan  or  MRI  for  standard  hip
eplacement  surgery.  The  location  of  the  femoral  head  cen-
er  was  determined  with  a  standard  three-point  method.
or  patients  with  advanced  osteoarthritis  and  femoral  head
eformity,  the  points  were  placed  on  the  spherical  part  of
he  femoral  head.  If  the  deformity  was  too  extensive,  the
nalysis  was  not  performed.  The  EOSTM system  (EOS,  Paris,
rance)  could  be  an  alternative  to  the  3D  analysis  of  this
ndex.  Third,  a  signiﬁcant  number  of  patients  (16.6%,  26
f  157)  were  excluded.  Although  this  number  of  exclusions
s  acceptable,  we  excluded  X-rays  that  did  not  ﬁt  within
ur  predeﬁned,  strict  quality  criteria  because  we  were  con-
erned  with  optimizing  the  measurement  and  results.  Since
hese  X-rays  were  excluded  a  priori  from  the  hip  measure-
ents,  the  validity  of  this  study  should  not  be  affected.
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Figure  6  a:  lateral  view  (45◦/45◦/30◦)  of  normal  hip
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Figure  7  a:  lateral  view  (45◦/45◦/30◦)  of  pathological  hip;  b:
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yindex  <  9%);  b:  the  femoral  neck  axis  bisects  the  femoral  head
enter.  The  lateral  view  head-neck  index  was  0%.
arious  series  have  found  that  idiopathic  hip  osteoarthritis
akes  up  30  to  80%  of  cases  [25—27].  This  is  in  part  related
o  the  lack  of  validated  diagnostic  methods  to  look  for  SCFE
equelae  on  lateral  views  of  the  hip,  while  its  mechani-
al  impact  (cam-effect)  on  the  progression  of  arthritis  has
een  clearly  demonstrated  in  femoroacetabular  impinge-
ent  studies  [3,9,25,28].  The  standard  diagnostic  criteria
i
p
a
Xhe neck  axis  does  not  pass  through  the  femoral  head  center.
he lateral  view  head-neck  index  was  14%.
or  SCFE  in  children  cannot  be  used  in  adults.  Klein’s  line
s  disrupted  by  the  presence  of  anterior  osteophytes  sec-
ndary  to  the  arthritis  and  Southwick  angle  [29]  cannot
e  measured  since  the  growth  plates  are  closed.  Various
uthors  have  sought  to  prove  with  X-rays  that  SCFE  is  a  sig-
iﬁcant  cause  of  early  hip  osteoarthritis,  but  only  A/P  views
ere  used:  measurement  of  femoral  head  ratio  [30],  pis-
ol  grip  deformity  [7],  distance  between  the  femoral  head
enter  and  neck  axis  [12,31].  There  has  been  growing  inter-
st  in  the  anatomy  of  the  head-neck  junction  over  the  past
0  years,  with  the  development  of  measurements  that  can
e  used  in  the  diagnosis  of  hip  impingement  [20,32].  The
easurement  of  the  anterior  femoral  head-neck  offset  on
ateral  radiographs  (cross-table)  [33],  the  alpha  angle  [34]
nd  the  triangular  index  [24]  have  advanced  hip  impinge-
ent  research  by  demonstrating  the  presence  of  an  anterior
ump  at  the  head-neck  junction,  but  have  not  shed  light  on
he  causes  of  this  impingement.  These  measurements  can-
ot  be  used  to  look  for  SCFE  sequelae  because  they  included
ll  the  known  etiologies  for  hip  impingement.
Our  study  was  also  based  on  previous  anatomy  work
17,18]  on  X-rays  of  mature  cadaver  specimens  where  the
osterior  and  inferior  tilting  of  the  femoral  head  could
e  easily  visualized  on  lateral  views.  Goodman  et  al.  [18]
emonstrated  that  the  incidence  of  this  deformity  was  the
ame  in  the  various  age  brackets  studied,  which  meant
hat  this  was  not  a degenerative  deformity  secondary  to
rthritis-related  remodeling,  but  a  deformity  acquired  in
oung  subjects  that  progressed  to  osteoarthritis.  This  was
n  direct  conﬂict  with  the  conclusions  of  Resnick  [35]. He
roposed  using  a  measurement  similar  to  the  Southwick
ngle  in  adults,  but  it  could  not  be  performed  on  standard
-rays  [34].  The  LVHNI  was  inspired  by  conclusions  drawn
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[Lateral  head-neck  index  and  the  diagnosis  of  SCFE  sequelae
from  these  various  published  studies  and  guided  by  the
goal  of  moving  towards  determining  the  etiology  of  hip
osteoarthritis  using  simple,  standard  X-rays.  An  X-ray  anal-
ysis  could  be  performed  to  compare  the  value  of  this  index
between  a  young,  healthy  population  and  a  population  with
hip  impingement  to  help  reﬁne  the  threshold  value  and  to
have  a  prognostic  value  for  hip  osteoarthritis  progression  in
these  patients.  This  work  could  be  supplemented  by  an  epi-
demiological  study  where  the  LVHNI  is  used  to  determine  the
proportion  of  SCFE  sequelae  in  hip  osteoarthritis.
Conclusion
The  lateral  view  head-neck  index  is  a  simple,  reproducible
radiography  tool  that  reveals  the  sequelae  of  SCFE  in  adults
with  hip  osteoarthritis  using  a  speciﬁc  lateral  X-ray  view.
Its  implementation  could  be  beneﬁcial  in  the  search  for
etiological  factors  in  hip  osteoarthritis  and  also  anterior
femoroacetabular  impingement.
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